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(57) ABSTRACT

A semiconductor device manufacturing method includes:
forming a first well of the first conductivity type in a
substrate; forming a second well of the first conductivity
type in a first region of the substrate; forming a third well of
the second conductivity type underneath the second well in
the first region of the substrate in a position overlapping with
the first well located underneath the second well in the first
region of the substrate; forming a fourth well, that surrounds
the second well and has the second conductivity type, in the
first region of the substrate; forming a fifth well of the first
conductivity type above the first well in the second region of
the substrate; and forming a sixth well of the second
conductivity type above the first well in the second region of
the substrate.
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1
SEMICONDUCTOR DEVICE
MANUFACTURING METHOD AND
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
prior Japanese Patent Application No. 2013-231163 filed on
Nov. 7, 2013, the entire contents of which are incorporated
herein by reference.

FIELD

Embodiments herein relate to a semiconductor device
manufacturing method and a semiconductor device.

BACKGROUND

An SRAM (Static Random Access Memory) is a semi-
conductor device provided with a transfer transistor to be
selected by a word line, and two CMOS (Complementary
Metal Oxide Semiconductor) inverters connected to a bit
line through the transfer transistor. Each CMOS inverter
includes an N-type MOS transistor and a P-type MOS
transistor. The N-type MOS transistor is formed in a P-type
well region (P well) of a semiconductor substrate, whereas
the P-type MOS transistor is formed in an N-type well
region (N well) of the semiconductor substrate.

In each CMOS inverter, the semiconductor substrate and
the transistors are electrically isolated from each other by the
well regions. A parasitic thyristor having a pnpn structure is
therefore formed between a power supply and a GND
terminal in the semiconductor substrate. If radioactive rays
are radiated to the SRAM, the parasitic thyristor goes into an
electroconductive state, thus in some cases causing latch-up
(Single Event Latch-up (SEL)) in which a current continues
to flow between the power supply and the GND terminal.
Accordingly, a P well high in impurity concentration is
formed underneath a region of the semiconductor substrate
where the SRAM is formed (hereinafter referred to as the
SRAM region) to reduce the resistance of the semiconductor
substrate, thereby reducing the occurrence of problems, such
as latch-up.

Triple well structures in which a P well is surrounded by
N wells are formed in a high-withstand voltage region and
an [/O (Input Output) region of the semiconductor substrate.
The P well may be formed underneath the SRAM region in
some cases in the semiconductor substrate including the
SRAM and the triple well structures.

[Patent document 1] Japanese Laid-open Patent Publica-
tion No. 05-267606

[Patent document 2] Japanese Laid-open Patent Publica-
tion No. 10-135351

SUMMARY

According to an aspect of the embodiment, a semicon-
ductor device manufacturing method includes: performing
ion implantation of a first conductivity type to form a first
well of the first conductivity type from a first depth of a
substrate to a second depth greater than the first depth in the
substrate; performing ion implantation of the first conduc-
tivity type on a first region of the substrate to form a second
well of the first conductivity type at a third depth from a
surface of the substrate in the first region of the substrate;
performing ion implantation of a second conductivity type
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2

different from the first conductivity type on the first region
of the substrate to form a third well of the second conduc-
tivity type underneath the second well in the first region of
the substrate in a position overlapping with the first well
located underneath the second well in the first region of the
substrate; performing ion implantation of the second con-
ductivity type on the first region of the substrate to form a
fourth well, that surrounds the second well in a plan view
and has the second conductivity type, at a fourth depth from
the surface of the substrate in the first region of the substrate;
performing ion implantation of the first conductivity type on
a second region of the substrate to form a fifth well of the
first conductivity type above the first well in the second
region of the substrate; and performing ion implantation of
the second conductivity type on the second region of the
substrate to form a sixth well of the second conductivity type
above the first well in the second region of the substrate.

The aspect and advantages of the embodiment will be
realized and attained by means of the elements and combi-
nations particularly pointed out in the claims. It is to be
understood that both the foregoing general description and
the following detailed description are exemplary and
explanatory and are not restrictive of the embodiment, as
claimed.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic cross-sectional view illustrating the
structure of a semiconductor device according to an embodi-
ment;

FIG. 2 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 3 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 4 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 5 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 6 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 7 is a cross-sectional view illustrating one example
of a process for manufacturing the semiconductor device
according to the embodiment;

FIG. 8 is a schematic cross-sectional view illustrating the
structure of a semiconductor device according to a reference
example;

FIGS. 9A to 9D are partial plan views of a semiconductor
substrate;

FIGS. 10A to 10E are cross-sectional views illustrating
one example of a method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 11A to 11E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 12A to 12E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 13A to 13E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;
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FIGS. 14A to 14E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 15A to 15E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 16A to 16E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 17A to 17E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 18A to 18E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 19A to 19E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 20A to 20E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 21A to 21E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 22A to 22E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 23A to 23E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 24A to 24E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 25A to 25E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 26A to 26E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 27A to 27E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 28A to 28E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 29A to 29E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 30A to 30E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment;

FIGS. 31A to 31E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment; and

FIGS. 32A to 32E are cross-sectional views illustrating
one example of the method for manufacturing the semicon-
ductor device according to the embodiment.

DESCRIPTION OF EMBODIMENT

Hereinafter, a semiconductor device and a semiconductor
device manufacturing method according to embodiments
will be described with reference to the accompanying draw-
ings. The configuration of the semiconductor device and the
constitution of the semiconductor device manufacturing
method to be described hereinafter are illustrative only, and
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4

therefore, not limited to the configuration and the constitu-
tion to be described hereinafter.

FIG. 1 is a schematic cross-sectional view illustrating the
structure of a semiconductor device 1 according to an
embodiment. First, the structure of the semiconductor device
1 according to the embodiment will be described using FIG.
1. As illustrated in FIG. 1, the semiconductor device 1 is
provided with a semiconductor substrate 2, and the semi-
conductor substrate 2 includes high-withstand voltage
regions 11A to 11C and an SRAM region 12. The semicon-
ductor substrate 2 is one example of a substrate. The
high-withstand voltage regions 11A to 11C are regions
where MOS transistors to be driven at high voltages are
formed. A plurality of flash memory cells disposed in arrays
is formed in the high-withstand voltage region 11A. A
circuit, such as a word line decoder, for applying voltages to
word lines connected to the flash memory cells are formed
in the high-withstand voltage region 11B. A circuit, such as
an [/O, is formed in the high-withstand voltage region 11C.
An SRAM is formed in the SRAM region 12. The high-
withstand voltage regions 11A and 11C are one example of
a first region. The SRAM region 12 is one example of a
second region. The high-withstand voltage region 11B is one
example of a third region.

An HVPW (High Voltage P Well) 21A, an HVYNW (High
Voltage N Well) 22A, and a DNW (Deep N Well) 32A are
formed within the semiconductor substrate 2 in the high-
withstand voltage region 11A. The HVNW 22A is formed
within the semiconductor substrate 2 in the high-withstand
voltage region 11A, so as to surround the HVPW 21A in the
horizontal direction thereof. The DNW 32A is formed
underneath the HVPW 21A within the semiconductor sub-
strate 2 in the high-withstand voltage region 11A. As
described above, in the high-withstand voltage region 11A,
the semiconductor substrate 2 has a triple well structure in
which the HVPW 21A is surrounded by the HVNW 22A and
the DNW 32A.

An HVPW 21B, an HVNW 22B, and a DNW 32B are
formed within the semiconductor substrate 2 in the high-
withstand voltage region 11B. The HVNW 22B is formed
within the semiconductor substrate 2 in the high-withstand
voltage region 11B, so as to surround the HVPW 21B in the
horizontal direction of the HVPW 21B. The DNW 32B is
formed underneath the HVPW 21B and the HVNW 22B
within the semiconductor substrate 2 in the high-withstand
voltage region 11B. As described above, in the high-with-
stand voltage region 11B, the semiconductor substrate 2 has
atriple well structure in which the HVPW 21B is surrounded
by the HVNW 22B and the DNW 32B.

An HVPW 21C, an HVNW 22C, and a DNW 32C are
formed within the semiconductor substrate 2 in the high-
withstand voltage region 11C. The HVNW 22C is formed
within the semiconductor substrate 2 in the high-withstand
voltage region 11C, so as to surround the HVPW 21C in the
horizontal direction thereof. The DNW 32C is formed
underneath the HVPW 21C within the semiconductor sub-
strate 2 in the high-withstand voltage region 11C. As
described above, in the high-withstand voltage region 11C,
the semiconductor substrate 2 has a triple well structure in
which the HVPW 21C is surrounded by the HVNW 22C and
the DNW 32C.

An LVPW (Low Voltage P Well) 41A and an LVNW (Low
Voltage N Well) 42 are formed within the semiconductor
substrate 2 in the SRAM region 12. The LVPW 41A and the
LVNW 42 are located above a DPW 31 in the SRAM region
12. An LVPW 41B is formed within the semiconductor
substrate 2 between the high-withstand voltage region 11A
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and the high-withstand voltage region 11B, whereas an
LVPW 41C is formed within the semiconductor substrate 2
between the high-withstand voltage region 11A and the
SRAM region 12.

DPWs (Deep P Wells) 31 are formed within the semicon-
ductor substrate 2 in the horizontal direction of the DNWs
32Ato 32C. Accordingly, the DPW 31 is formed underneath
the LVPW 41A and the LZVNW 42 in the SRAM region 12.
An upper portion of the DPW 31 may be connected to the
bottoms (lower portions) of the LVPW 41A and the LVNW
42. The upper portion of the DPW 31 may be apart from the
bottoms of the LVPW 41A and the LVNW 42. The DPW 31
is a P well high in impurity concentration. Since the DPW
31 is formed underneath the LVPW 41A and the LVNW 42
in the SRAM region 12, the resistance of the semiconductor
substrate 2 lowers, thus reducing the occurrence of latch-up
in the SRAM formed in the SRAM region 12.

Neutrons implanted at high energy collide with electrons
to emit a rays. The a rays, while advancing within silicon,
ionize electrons by means of interaction based on coulomb
force. Some of the electrons thus generated are collected in
a depletion layer due to funneling. As the result of the DPW
31 serving as a barrier against funneling, the occurrence of
the latch-up is reduced in the SRAM formed in the SRAM
region 12. Funneling is a phenomenon in which the intensity
of electric fields in the depletion layer is relieved by elec-
trical charges generated along the tracks of ions and elec-
trical charges are collected from regions external to the
depletion layer.

The HVPWs 21A to 21C, the DPW 31, and the LVPWs
41A to 41C are P-type wells, whereas the HVNWs 22A to
22C, the DNWs 32A to 32C, and the LVNW 42 are N-type
wells. A P type is one example of a first conductivity type,
whereas an N type is one example of a second conductivity
type different from the first conductivity type. Note however
that the N-type may be the first conductivity type and the
P-type may be the second conductivity type. The DPW 31 is
one example of a first well. The HVPWSs 21A and 21C are
one example of a second well. The DNWs 32A and 32C are
one example of a third well. The HVYNWs 22A and 22C are
one example of a fourth well. The LVPW 41A is one
example of a fifth well. The LVNW 42 is one example of a
sixth well. The DN'W 32B is one example of a seventh well.
The HVNW 22B is one example of an eighth well. The
HVPW 21B is one example of a ninth well.

The DPW 31s are formed in a region ranging from a first
depth of the semiconductor substrate 2 to a second depth
thereof greater than the first depth. The HVPWs 21Ato 21C
are formed in a region ranging from a surface of the
semiconductor substrate 2 to a third depth thereof. The
HVNWSs 22A to 22C are formed in a region ranging from the
surface of the semiconductor substrate 2 to a fourth depth
thereof. The DNWs 32A to 32C are formed in a region
ranging from a fifth depth of the semiconductor substrate 2
to a sixth depth thereof greater than the fifth depth. The
LVPWs 41A to 41C are formed in a region ranging from the
surface of the semiconductor substrate 2 to a seventh depth
thereof. The LVNW 42 is formed in a region ranging from
the surface of the semiconductor substrate 2 to an eighth
depth thereof. According to the embodiment, it is possible to
reduce the occurrence of problems in the semiconductor
device and suppress an increase in the number of manufac-
turing process steps.

A process up to the step of forming the structure illus-
trated in FIG. 1 will be described with reference to FIGS. 2
to 7. FIGS. 2 to 7 are cross-sectional views illustrating one
example of the manufacturing process of the semiconductor
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device 1 according to the embodiment. First, as illustrated in
FIG. 2, the semiconductor substrate 2 is prepared, and a
P-type impurity is ion-implanted in the entire surface of the
semiconductor substrate 2 without using a resist pattern-
based mask (maskless) to form the DPWs 31 in the semi-
conductor substrate 2. Next, as illustrated in FIG. 3, a P-type
impurity is ion-implanted in the semiconductor substrate 2
using a resist pattern 51 in which parts of the high-withstand
voltage regions 11A to 11C are opened as a mask. Conse-
quently, the HVPWs 21A to 21C are formed within the
semiconductor substrate 2 in the high-withstand voltage
regions 11A to 11C. The resist pattern 51 is one example of
a first resist.

Subsequently, as illustrated in FIG. 4, an N-type impurity
is ion-implanted in the semiconductor substrate 2 using a
resist pattern 52 in which parts of the high-withstand voltage
regions 11A and 11C and the high-withstand voltage region
11B are opened as a mask. The N-type impurity is ion-
implanted at a dose amount larger than the dose amount of
ion implantation (amount of implantation) at the time of
forming the DPW 31. The P-type impurity ion-implanted in
the semiconductor substrate 2 is compensated for by the
N-type impurity ion-implanted in the semiconductor sub-
strate 2. Consequently, the DPW 31s formed within the
semiconductor substrate 2 in high-withstand voltage regions
11A to 11C are annihilated, and the DNWs 32A to 32C are
formed within the semiconductor substrate 2 in the high-
withstand voltage regions 11A to 11C. That is, the DNWs
32A to 32C overlapping with the DPW 31s underneath the
HVPWs 21A to 21C are formed within the semiconductor
substrate 2 in the high-withstand voltage regions 11A to 11C.
The resist pattern 52 is one example of a second resist.

The DPW 31 formed underneath the HVPW 21A in the
high-withstand voltage region 11A is annihilated, and the
DNW 32A is formed underneath the HVPW 21A within the
semiconductor substrate 2 in the high-withstand voltage
region 11A. That is, the DNW 32A overlapping with the
DPW 31 underneath the HVPW 21A is formed within the
semiconductor substrate 2 in the high-withstand voltage
region 11A. The DPW 31 formed underneath the HVPW
21C in the high-withstand voltage region 11C is annihilated,
and the DNW 32C is formed underneath the HVPW 21C
within the semiconductor substrate 2 in the high-withstand
voltage region 11C. That is, the DNW 32C overlapping with
the DPW 31 underneath the HVPW 21C is formed within
the semiconductor substrate 2 in the high-withstand voltage
region 11C.

The DPW 31 formed within the semiconductor substrate
2 in the high-withstand voltage region 11B is annihilated,
and the DNW 32B is formed within the semiconductor
substrate 2 in a region ranging from the fifth depth to the
sixth depth of the semiconductor substrate 2 in the high-
withstand voltage region 11B. That is, the DNW 32B
overlapping with the DPW 31 is formed within the semi-
conductor substrate 2 in the high-withstand voltage region
11B. The DNW 32B is formed in a region ranging from the
fifth depth to the sixth depth of the semiconductor substrate
2 in the high-withstand voltage region 11B, so as to extend
in the horizontal direction of the semiconductor substrate 2.
Accordingly, the DNW 32B is formed underneath the
HVPW 21B and the peripheral region of the HVPW 21B
within the semiconductor substrate 2 in the high-withstand
voltage region 11B.

Next, as illustrated in FIG. 5, an N-type impurity is
ion-implanted in the semiconductor substrate 2 using a resist
pattern 53 in which parts of the high-withstand voltage
regions 11A to 11C are opened as a mask. Consequently, the



US 9,437,598 B2

7
HVNWs 22A to 22C are formed within the semiconductor
substrate 2 in the high-withstand voltage regions 11 A to 11C.
The resist pattern 53 is one example of a third resist.

The HVNW 22A surrounding the HVPW 21A in the
horizontal direction thereof is formed within the semicon-
ductor substrate 2 in the high-withstand voltage region 11A.
The DNW 32A is formed so that the outer edge thereof is
positioned outside the outer edge of the HVPW 21A in a
plan view. That is, the outer edge of the DNW 32A is
positioned outside the outer edge of the HVPW 21A in a
plan view. The HVNW 22A is formed so that the bottom
thereof is positioned deeper than the bottom of the HVPW
21A. That is, the bottom of the HVNW 22A is positioned
deeper than the bottom of the HVPW 21A. Consequently,
part of the HVNW 22A and part of the DNW 32A overlap
with each other. The connecting part between the HVNW
22A and the DNW 32A widens as the result of part of the
HVNW 22A and part of the DNW 32A overlapping with
each other, and therefore, the resistance between the HVNW
22A and the DNW 32A lowers. A decrease in the resistance
between the HVNW 22A and the DNW 32A reduces the
occurrence of latch-up in the high-withstand voltage region
11A.

The HVNW 22B surrounding the HVPW 21B in the
horizontal direction thereof is formed within the semicon-
ductor substrate 2 in the high-withstand voltage region 11B.
The DNW 32B is formed so that the outer edge thereof is
positioned outside the outer edge of the HVPW 21B in a
plan view. That is, the outer edge of the DNW 32B is
positioned outside the outer edge of the HVPW 21B in a
plan view. The HVNW 22B is formed so that the bottom
thereof is positioned deeper than the bottom of the HVPW
21B. That is, the bottom of the HVYNW 22B is positioned
deeper than the bottom of the HVPW 21B. Consequently,
part of the HVNW 22B and part of the DNW 32B overlap
with each other. The connecting part between the HVNW
22B and the DNW 32B widens as the result of part of the
HVNW 22B and part of the DNW 32B overlapping with
each other, and therefore, the resistance between the HVNW
22B and the DNW 32B lowers. A decrease in the resistance
between the HVNW 22B and the DNW 32B reduces the
occurrence of latch-up in the high-withstand voltage region
11B.

The HVNW 22C surrounding the HVPW 21C in the
horizontal direction thereof is formed within the semicon-
ductor substrate 2 in the high-withstand voltage region 11C.
The DNW 32C is formed so that the outer edge thereof is
positioned outside the outer edge of the HVPW 21C in a
plan view. That is, the outer edge of the DNW 32C is
positioned outside the outer edge of the HVPW 21C in a
plan view. The HVNW 22C is formed so that the bottom
thereof is positioned deeper than the bottom of the HVPW
21C. That is, the bottom of the HVYNW 22C is positioned
deeper than the bottom of the HVPW 21C. Consequently,
part of the HVNW 22C and part of the DNW 32C overlap
with each other. The connecting part between the HVNW
22C and the DNW 32C widens as the result of part of the
HVNW 22C and part of the DNW 32C overlapping with
each other, and therefore, the resistance between the HVNW
22C and the DNW 32C lowers. A decrease in the resistance
between the HVNW 22C and the DNW 32C reduces the
occurrence of latch-up in the high-withstand voltage region
11C.

Subsequently, as illustrated in FIG. 6, a P-type impurity is
ion-implanted in the semiconductor substrate 2 using a resist
pattern 54 in which part of the SRAM region 12, the portion
between the high-withstand voltage region 11A and the
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high-withstand voltage region 11B, and the portion between
the high-withstand voltage region 11 A and the SRAM region
12 are opened as a mask. Consequently, the LVPW 41A is
formed above the DPW 31 within the semiconductor sub-
strate 2 in the SRAM region 12. In addition, the LVPW 41B
is formed within the semiconductor substrate 2 between the
high-withstand voltage region 11A and the high-withstand
voltage region 11B, and the LVPW 41C is formed within the
semiconductor substrate 2 between the high-withstand volt-
age region 11A and the SRAM region 12. The resist pattern
54 is one example of a fourth resist.

Next, as illustrated in FIG. 7, an N-type impurity is
ion-implanted in the semiconductor substrate 2 using a resist
pattern 55 in which part of the SRAM region 12 is opened
as a mask. Consequently, the LVNW 42 is formed above the
DPW 31 within the semiconductor substrate 2 in the SRAM
region 12. The resist pattern 55 is one example of a fifth
resist.

If the DPW 31 is formed underneath the HVNW 22B in
the high-withstand voltage region 11B as illustrated in, for
example, FIG. 8, the parasitic capacitance of the HVNW
22B increases. FIG. 8 is a schematic cross-sectional view
illustrating the structure of a semiconductor device accord-
ing to a reference example. A high voltage is applied to the
HVNW 22B in the high-withstand voltage region 11B at the
time of writing into (programming) and clearing (erasing) a
flash memory cell formed in the high-withstand voltage
region 11A. Accordingly, the parasitic capacitance of the
HVNW 22B affects operating speed in a circuit, such as a
word line decoder, formed in the high-withstand voltage
region 11B. In the semiconductor device 1 according to the
embodiment, the DNW 32B is formed underneath the
HVPW 21B and the HVNW 22B in the high-withstand
voltage region 11B, as illustrated in FIG. 1. By forming the
DNW 32B underneath the HVNW 22B, the increase of
parasitic capacitance in the HVNW 22B is suppressed, thus
improving operating speed in the circuit, such as a word line
decoder, formed in the high-withstand voltage region 11B.

According to the manufacturing method of the semicon-
ductor device 1 in accordance with the embodiment, a
P-type impurity is ion-implanted without using a resist
pattern-based mask to form the DPW 31 underneath the
LVPW 41A and the LVNW 42 in the SRAM region 12.
Accordingly, two steps are decreased, compared with a case
where ion implantation is performed using a resist pattern in
which the SRAM region 12 is opened as a mask to form the
DPW 31 underneath the LVPW 41A and the LVNW 42 in
the SRAM region 12. That is, according to the manufactur-
ing method of the semiconductor device 1 in accordance
with the embodiment, a reduction is made of two steps, i.e.,
the step of forming the resist pattern in which the SRAM
region 12 is opened and the step of removing the resist
pattern. Consequently, according to the manufacturing
method of the semiconductor device 1 in accordance with
the embodiment, it is possible to reduce the occurrence of
latch-up in the semiconductor device 1 and suppress an
increase in the number of manufacturing process steps.

FIG. 1 and FIGS. 5 to 7 illustrate an example in which the
HVNW 22B in the high-withstand voltage region 11B is
formed so as to surround the HVPW 21B in the horizontal
direction thereof. Without limitation to this example, the
HVNW 22B in the high-withstand voltage region 11B may
be formed adjacently to the HVPW 21B in the horizontal
direction thereof.

FIG. 1 illustrates an example in which the DNW 32B is
formed underneath the HVPW 21B and the HVNW 22B in
the high-withstand voltage region 11B. Without limitation to
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this example, the DPW 31 may be formed underneath the
HVPW 21B in the high-withstand voltage region 11B, and
the DNW 32B may be formed underneath the HVNW 22B
in the high-withstand voltage region 11B. In a structure in
which any HVPWs are not present in the vicinity of an
HVNW, a DNW may be formed underneath the HVNW.

The order of the manufacturing process illustrated in
FIGS. 2 to 7 is merely one example. Accordingly, the order
in which the HVPWs 21A to 21C, the HVNWs 22A to 22C,
the DPWs 31, the DNWs 32A to 32C, the LVPWs 41A to
41C and the LVNW 42 are formed is not limited to the order
of the manufacturing process illustrated in FIGS. 2 to 7.

A description will be made of one example of the manu-
facturing method of the semiconductor device 1 according to
the embodiment. FIG. 9A is a partial plan view of the
semiconductor substrate 2 in the high-withstand voltage
region 11A and illustrates a region where a flash memory
cell is to be formed. FIG. 9B is a partial plan view of the
semiconductor substrate 2 in the high-withstand voltage
region 11B and illustrates a region where an NMOS tran-
sistor is to be formed. FIG. 9C is a partial plan view of the
semiconductor substrate 2 in the high-withstand voltage
region 11B and illustrates a region where a PMOS transistor
is to be formed. FIG. 9D is a partial plan view of the
semiconductor substrate 2 in the SRAM region 12 and
illustrates a region where an NMOS transistor is to be
formed. FIGS. 9A to 9D are schematic views and illustrate
element-isolating insulating films 3, active regions 4, contact
plugs 5, control gates 77, and gate electrodes 83. Although
a PMOS transistor is to be formed in the semiconductor
substrate 2 in the SRAM region 12, the region where the
PMOS transistor is to be formed is excluded from the
illustrations in FIGS. 9A to 9D. Although an NMOS tran-
sistor and a PMOS transistor are to be formed in the
semiconductor substrate 2 in the high-withstand voltage
region 11C, the region where the NMOS transistor and the
PMOS transistor are to be formed is excluded from the
illustrations in FIGS. 9A to 9D.

FIGS. 10A to 32E are cross-sectional views illustrating
each step in one example of the manufacturing method of the
semiconductor device 1 according to the embodiment. FIGS.
10A, 11A, 12A, 13A, 14A, 15A, 16A, 17A, 18A, 19A, 20A,
21A,22A, 23A, 24A, 25A, 26A, 27A, 28A, 29A, 30A, 31A
and 32A correspond to views taken on the single-dot chain
line A-A' of FIG. 9A and illustrate cross sections of the
semiconductor substrate 2 in the high-withstand voltage
region 11A. FIGS. 10B, 11B, 12B, 13B, 14B, 15B, 16B,
17B, 18B, 19B, 20B, 21B, 22B, 23B, 24B, 25B, 26B, 27B,
28B, 29B, 30B, 31B and 32B correspond to views taken on
the single-dot chain line B-B' of FIG. 9A and illustrate cross
sections of the semiconductor substrate 2 in the high-
withstand voltage region 11A. FIGS. 10C, 11C, 12C, 13C,
14C, 15C, 16C, 17C, 18C, 19C, 20C, 21C, 22C, 23C, 24C,
25C, 26C, 27C, 28C, 29C, 30C, 31C and 32C correspond to
views taken on the single-dot chain line C-C' of FIG. 9B and
illustrate cross sections of the semiconductor substrate 2 in
the high-withstand voltage region 11B. FIGS. 10D, 11D,
12D, 13D, 14D, 15D, 16D, 17D, 18D, 19D, 20D, 21D, 22D,
23D, 24D, 25D, 26D, 27D, 28D, 29D, 30D, 31D and 32D
correspond to views taken on the single-dot chain line D-D'
of FIG. 9C and illustrate cross sections of the semiconductor
substrate 2 in the high-withstand voltage region 11B. FIGS.
10E, 11E, 12FE, 13E, 14E, 15E, 16E, 17E, 18E, 19E, 20E,
21E, 22E, 23E, 24E, 25E, 26F, 27E, 28E, 29E, 30E, 31E and
32E correspond to views taken on the single-dot chain line
E-E' of FIG. 9D and illustrate cross sections of the semi-
conductor substrate 2 in the SRAM region 12.
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A description will be made of the steps illustrated in
FIGS. 10A to 10E. After the semiconductor substrate 2 is
prepared, a silicon dioxide (SiO,) film (not illustrated) is
formed on the semiconductor substrate 2, and a silicon
nitride (SiN) film (not illustrated) is formed on the silicon
dioxide film. The semiconductor substrate 2 is, for example,
a P-type silicon (Si) substrate. The silicon dioxide film is
formed by, for example, a thermal oxidation method, and the
silicon nitride film is formed by, for example, a CVD
(Chemical Vapor Deposition) method. Next, a resist pattern
(not illustrated) a portion of which where the element-
isolating insulating film 3 is formed is opened is formed on
the silicon nitride film by photolithography. Then, dry etch-
ing is performed using the resist pattern as a mask to form
a trench in the semiconductor substrate 2. Next, the remain-
ing portions of the resist pattern are removed by, for
example, ashing.

Subsequently, a silicon dioxide film is formed on the
sidewalls of the trench of the semiconductor substrate 2 by
a CVD method, and a silicon dioxide film is formed in the
trench of the semiconductor substrate 2 by an HDPCVD
(High Density Plasma CVD) method. Next, planarization is
performed by CMP (Chemical Mechanical Polishing) to
form the element-isolating insulating films 3 on the semi-
conductor substrate 2. Consequently, a plurality of active
regions 4 defined by the element-isolating insulating films 3
is formed on a surface of the semiconductor substrate 2.
Here, an example is cited in which the element-isolating
insulating films 3 are formed on the semiconductor substrate
2 by an STI method. Alternatively, the element-isolating
insulating films 3 may be formed on the semiconductor
substrate 2 by, for example, a LOCOS (Local Oxidation of
Silicon) method. Next, after the silicon nitride film is
removed, sacrificial oxide films 61 are formed on the surface
of the semiconductor substrate 2 by, for example, a thermal
oxidation method or a CVD method. The sacrificial oxide
film 61 is, for example, a silicon dioxide film.

A description will be made of the steps illustrated in
FIGS. 11A to 11E. A P-type impurity is ion-implanted in the
entire surface of the semiconductor substrate 2 without using
a resist pattern-based mask to form DPWs 31 within the
semiconductor substrate 2. That is, the DPWs 31 are formed
within the semiconductor substrate 2 in the high-withstand
voltage regions 11A to 11C and the SRAM region 12. The
DPWs 31 are formed in a region ranging from a first depth
of the semiconductor substrate 2 to a second depth thereof
greater than the first depth. The DPWs 31 are formed under
the condition that the ion implantation of, for example,
boron (B+) is performed at an acceleration energy of 500
keV or higher but not higher than 2000 keV and a dose
amount of 1.0E12/cm? or larger but not larger than 2.0E13/
cm?.

A description will be made of the steps illustrated in
FIGS. 12A to 12E. The resist pattern 51 is formed on the
semiconductor substrate 2 by photolithography. A P-type
impurity is ion-implanted using the resist pattern 51 as a
mask to form the HVPWs 21A to 21C within the semicon-
ductor substrate 2. That is, the HVPW 21A is formed within
the semiconductor substrate 2 in the high-withstand voltage
region 11A, the HVPW 21B is formed within the semicon-
ductor substrate 2 in the high-withstand voltage region 11B,
and the HVPW 21C is formed within the semiconductor
substrate 2 in the high-withstand voltage region 11C. In
FIGS. 12A to 12E, the HVPW 21C is excluded from the
illustrations. The HVPWs 21 A to 21C are formed in a region
ranging from the surface of the semiconductor substrate 2 to
the third depth thereof.
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The HVPWs 21A to 21C are formed by performing ion
implantation under conditions (1) and (2), for example,
described below.

Conditions (1)

Ionic species: Phosphorus (P+)

Acceleration energy: 250 keV or higher but not higher
than 800 keV

Dose amount: 1.0E12/cm® or larger but not larger than
2.0E13/cm?

Conditions (2)

Ionic species: Phosphorus (P+)

Acceleration energy: 15 keV or higher but not higher than
250 keV

Dose amount: 1.0E12/cm® or larger but not larger than
1.0E13/cm>x4

Ion implantation under conditions (2) is performed four
times. Without limitation to this condition, however, the ion
implantation under conditions (2) may be performed only
once. By the ion implantation under conditions (2), punch-
through stop layers are formed in the HVPWs 21A to 21C.
Note that the ion implantation under conditions (2) may be
omitted.

A description will be made of the steps illustrated in
FIGS. 13A to 13E. After the resist pattern 51 is removed by
ashing, the resist pattern 52 is formed on the semiconductor
substrate 2 by photolithography. An N-type impurity is
ion-implanted using the resist pattern 52 as a mask to
annihilate the DPWs 31 formed within the semiconductor
substrate 2, thereby forming the DNWs 32A to 32C within
the semiconductor substrate 2 in the high-withstand voltage
regions 11A to 11C. That is, the DNWs 32A to 32C are
formed underneath the HVPWs 21A to 21C within the
semiconductor substrate 2 in the high-withstand voltage
regions 11A to 11C in positions overlapping with the DPWs
31 located underneath the HVPWs 21A to 21C in the
high-withstand voltage regions 11A to 11C. In FIGS. 13A to
13E, the DNW 32C is excluded from the illustrations. The
DNWs 32A to 32C are formed in a region ranging from the
fifth depth of the semiconductor substrate 2 to the sixth
depth thereof greater than the fifth depth. The DNWs 32A to
32C are formed under the condition that the ion implantation
of, for example, phosphorus (P+) is performed at an accel-
eration energy of 1000 keV or higher but not higher than
2000 keV and a dose amount of 5.0E12/cm? or larger but not
larger than 5.0E13/cm?.

A description will be made of the steps illustrated in FIG.
14 A to 14E. After the resist pattern 52 is removed by ashing,
the resist pattern 53 is formed on the semiconductor sub-
strate 2 by photolithography. An N-type impurity is ion-
implanted using the resist pattern 53 as a mask to form the
HVNWs 22A to 22C within the semiconductor substrate 2 in
the high-withstand voltage regions 11A to 11C. In FIGS.
14Ato 14E, the HVNWSs 22A and 22C are excluded from the
illustrations. The HVNWSs 22A to 22C are formed under the
condition that the ion implantation of, for example, phos-
phorus (P+) is performed at an acceleration energy of 200
keV or higher but not higher than 600 keV and a dose
amount of 1.0E12/cm? or larger but not larger than 1.0E13/
cm?. This ion implantation is performed four times. Without
limitation to this condition, however, the ion implantation
may be performed only once.

A description will be made of the steps illustrated in
FIGS. 15A to 15E. After the resist pattern 53 is removed by
ashing, a resist pattern 62 is formed on the semiconductor
substrate 2 by photolithography. An N-type impurity is
ion-implanted using the resist pattern 62 as a mask to form

10

15

20

25

30

35

40

45

50

55

60

12
a channel region 63 within the HVPW 21A in the high-
withstand voltage region 11A.

A description will be made of the steps illustrated in
FIGS. 16A to 16E. After the resist pattern 62 is removed by
ashing, the sacrificial oxide films 61 are removed by wet
etching using, for example, hydrofluoric acid (HF). Next,
tunnel oxide films 64 are formed on the surface of the
semiconductor substrate 2 by, for example, a thermal oxi-
dation method or a CVD method. The tunnel oxide film 64
is one example of a first gate insulating film. Subsequently,
an impurity-doped amorphous silicon (Doped Amorphous
Silicon (DASI)) film 65 is formed on the semiconductor
substrate by, for example, a CVD method.

A description will be made of the steps illustrated in
FIGS. 17A to 17E. A resist pattern 66 is formed on the
amorphous silicon film 65 by photolithography. Next, dry
etching is performed using the resist pattern 66 as a mask to
pattern the amorphous silicon film 65. As the result of the
amorphous silicon film 65 being patterned, floating gates 67
are formed in the high-withstand voltage region 11A. The
tunnel oxide films 64 and the amorphous silicon film 65 in
the high-withstand voltage regions 11B and 11C and the
SRAM region 12 are removed by dry etching.

A description will be made of the steps illustrated in
FIGS. 18A to 18E. After the resist pattern 66 is removed by
ashing, an ONO film 68 including a high temperature oxide
(HTO) film, a silicon nitride film and a silicon dioxide film
is formed on the semiconductor substrate 2. This ONO film
68 is also called an intermediate insulating film. The high-
temperature oxide film is formed by, for example, a thermal
CVD method. The silicon nitride film and the silicon dioxide
film are formed by, for example, a CVD method.

A description will be made of the steps illustrated in
FIGS. 19A to 19E. The resist pattern 54 is formed on the
semiconductor substrate 2 by photolithography. A P-type
impurity is ion-implanted using the resist pattern 54 as a
mask to form the LVPW 41A within the semiconductor
substrate 2 in the SRAM region 12. The LVPW 41B is
formed within the semiconductor substrate 2 between the
high-withstand voltage region 11A and the high-withstand
voltage region 11B, and the LVPW 41C is formed within the
semiconductor substrate 2 between the high-withstand volt-
age region 11A and the SRAM region 12, though the LVPWs
41B and 41C are excluded from the illustrations in FIGS.
19A to 19E. The LVPWs 41A to 41C are formed under the
condition that the ion implantation of, for example, boron
(B+) is performed four times at an acceleration energy of
100 keV or higher but not higher than 300 keV and a dose
amount of 2.0E12/cm? or larger but not larger than 1.0E13/
cm?. This ion implantation is performed four times. Without
limitation to this condition, however, the ion implantation
may be performed only once. Next, the resist pattern 54 is
removed by ashing.

Subsequently, the resist pattern 55 is formed on the
semiconductor substrate 2 by photolithography. A P-type
impurity is ion-implanted using the resist pattern 55 as a
mask to form the LVNW 42 within the semiconductor
substrate 2 in the SRAM region 12. In FIGS. 19A to 19E, the
resist pattern 55 and the LVNW 42 are excluded from the
illustrations. The LVNW 42 is formed under the condition
that the ion implantation of, for example, phosphorus (P+) is
performed four times at an acceleration energy of 200 keV
or higher but not higher than 700 keV and a dose amount of
2.0E12/cm? or larger but not larger than 1.0E13/cm®. This
ion implantation is performed four times. Without limitation
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to this condition, however, the ion implantation may be
performed only once. Next, the resist pattern 55 is removed
by ashing.

A description will be made of the steps illustrated in
FIGS. 20A to 20E. A resist pattern 71 is formed on the
semiconductor substrate 2 by photolithography. A P-type
impurity is ion-implanted using the resist pattern 71 as a
mask to form a channel region 72 within the LVPW 41A in
the SRAM region 12. Next, the resist pattern 71 is removed
by ashing. Subsequently, a resist pattern (not illustrated) is
formed on the semiconductor substrate 2 by photolithogra-
phy. Next, an N-type impurity is ion-implanted using the
resist pattern as a mask to form a channel region (not
illustrated) within the LVNW 42 in the SRAM region 12.
Then, the resist pattern is removed by ashing.

A description will be made of the steps illustrated in
FIGS. 21A to 21E. A resist pattern (not illustrated) in which
the high-withstand voltage regions 11B and 11C and the
SRAM region 12 are opened is formed on the semiconductor
substrate 2 by photolithography. Next, dry etching is per-
formed using the resist pattern as a mask to remove the ONO
film 68 in the high-withstand voltage regions 11B and 11C
and the SRAM region 12. Subsequently, gate oxide films 73
are formed on the surface of the semiconductor substrate 2
in the high-withstand voltage regions 11B and 11C and the
SRAM region 12 by, for example, a thermal oxidation
method or a CVD method. Next, a resist pattern (not
illustrated) in which the SRAM region 12 is opened is
formed on the semiconductor substrate 2, by photolithogra-
phy. Subsequently, using the resist pattern as a mask, the
gate oxide film 73 in the SRAM region 12 is removed by wet
etching using, for example, hydrofiuoric acid. Next, a gate
oxide film 74 is formed on the surface of the semiconductor
substrate 2 in the SRAM region 12 by, for example, a
thermal oxidation method or a CVD method. The gate oxide
film 73 differs in film thickness from the gate oxide film 74,
i.e., the film thickness of the gate oxide film 74 is smaller
than the film thickness of the gate oxide film 73. The gate
oxide film 74 is one example of a second gate insulating
film.

A description will be made of the steps illustrated in
FIGS. 22A to 22E. Polysilicon 75 is formed on the semi-
conductor substrate 2 by, for example, a CVD method.
Subsequently, an antireflection film 76 is formed on the
polysilicon 75 by, for example, a CVD method. The anti-
reflection film 76 is, for example, a nitride film.

A description will be made of the steps illustrated in
FIGS. 23 A to 23E. A resist pattern (not illustrated) is formed
on the antireflection film 76 by photolithography. Dry etch-
ing is performed using the resist pattern as a mask to pattern
the tunnel oxide films 64, the floating gates 67, the ONO film
68, the polysilicon 75 and the antireflection film 76. This
patterning forms flash gates (stack gates) including the
tunnel oxide films 64, the floating gates 67, the ONO films
68 and the control gates 77 in the high-withstand voltage
region 11A.

A description will be made of the steps illustrated in
FIGS. 24A to 24E. A sacrificial oxide film (not illustrated) is
formed on the semiconductor substrate 2 by, for example, a
CVD method. Next, an N-type impurity is ion-implanted to
form LDD (Lightly Doped Drain) regions 78 within the
HVPW 21A in the high-withstand voltage region 11A.
Subsequently, after the sacrificial oxide film is removed, a
silicon nitride film 79 is formed on the semiconductor
substrate 2 by, for example, a CVD method.

A description will be made of the steps illustrated in
FIGS. 25A to 25E. Etch-back is performed on the silicon
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nitride film 79 to form first sidewalls 81 on the side surfaces
of'the flash gate formed in the high-withstand voltage region
11A. The antireflection film 76 formed in the high-withstand
voltage regions 11A to 11C and the silicon nitride film 79
formed in the high-withstand voltage regions 11B and 11C
and the SRAM region 12 are removed as the result of
etch-back being performed.

A description will be made of the steps illustrated in
FIGS. 26A to 26E. A resist pattern 82A for covering the
high-withstand voltage region 11A is formed on the semi-
conductor substrate 2 in the high-withstand voltage region
11A by photolithography, and a resist pattern 82B for gate
formation is formed on the polysilicon 75.

A description will be made of the steps illustrated in
FIGS. 27A to 27E. Dry etching is performed using the resist
patterns 82A and 82B as masks to form the gate electrodes
83 in the high-withstand voltage regions 11B and 11C and
the SRAM region 12. In FIGS. 27A to 27K, the gate
electrode 83 formed in the high-withstand voltage region
11C is excluded from the illustrations. As is understood from
FIGS. 27C to 27E and FIGS. 9B to 9D, the gate length of
each gate electrode 83 formed in the high-withstand voltage
region 11B is greater than the gate length of the gate
electrode 83 formed in the SRAM region 12. In other words,
the gate length of the gate electrode 83 formed in the SRAM
region 12 is less than the gate length of each gate electrode
83 formed in the high-withstand voltage region 11B. The
gate electrode 83 formed in the SRAM region 12 is one
example of a first gate electrode. Each gate electrode 83
formed in the high-withstand voltage region 11B is one
example of a second gate electrode.

A description will be made of the steps illustrated in
FIGS. 28A to 28E. The remaining resist patterns 82A and
82B are removed by ashing. Resist patterns are formed,
impurities are ion-implanted, and the resist patterns are
removed as appropriate. N-type LDD regions 84A are
formed within the HVPW 21B in the high-withstand voltage
region 11B, and P-type LDD regions 84B are formed within
the HVNW 22B in the high-withstand voltage region 11B.
N-type LDD regions 84A are formed within the HVPW 21C
in the high-withstand voltage region 11C, and P-type LDD
regions 84B are formed within the HVNW 22B in the
high-withstand voltage region 11C. In FIGS. 28A to 28E, the
P-type LDD regions 84A and the N-type LDD regions 84B
formed in the high-withstand voltage region 11C are
excluded from the illustrations. N-type pocket regions 85
and N-type extension regions (not illustrated) are formed
within the LVPW 41A in the SRAM region 12. P-type
pocket regions (not illustrated) and P-type extension regions
(not illustrated) are formed within the LVNW 42 in the
SRAM region 12.

A description will be made of the steps illustrated in
FIGS. 29A to 29E. After a silicon nitride film is formed on
the semiconductor substrate 2 by, for example, a CVD
method, etch-back is performed on the silicon nitride film to
form second sidewalls 86 on the side surfaces of the first
sidewalls 81 and the side surfaces of the gate electrodes 83.

A description will be made of the steps illustrated in
FIGS. 30A to 30 E. Resist patterns are formed, impurities are
ion-implanted, and the resist patterns are removed as appro-
priate. Source-drain regions 87 are formed within the
HVPW 21A in the high-withstand voltage region 11A.
N-type source-drain regions 88A are formed within the
HVPW 21B in the high-withstand voltage region 11B, and
P-type source-drain regions 88B are formed within the
HVNW 22B in the high-withstand voltage region 11B.
N-type source-drain regions 88A are formed within the



US 9,437,598 B2

15

HVPW 21C in the high-withstand voltage region 11C, and
P-type source-drain regions 88B are formed within the
HVNW 22C in the high-withstand voltage region 11C. In
FIGS. 30A to 30 E, the N-type source-drain regions 88 A and
the P-type source-drain regions 88B formed in the high-
withstand voltage region 11C are excluded from the illus-
trations. N-type source-drain regions 89 are formed within
the LVPW 41A in the SRAM region 12. P-type source-drain
regions (not illustrated) are formed within the LVNW 42 in
the SRAM region 12.

A description will be made of the steps illustrated in
FIGS. 31A to 31E. A heat treatment is performed after a
metal film made of titanium (Ti), cobalt (Co), nickel (Ni) or
the like is formed on the semiconductor substrate 2. Con-
sequently, metal silicides 91 are formed on the control gates
717, the gate electrodes 83, the source-drain regions 87, the
N-type source-drain regions 88A and 89, and the P-type
source-drain regions 88B. Next, an unreacted metal film is
selectively removed by, for example, chemical solution
treatment.

A description will be made of the steps illustrated in
FIGS. 32A to 32E. A silicon dioxide film is deposited on the
semiconductor substrate 2 by, for example, a CVD method
to form an interlayer insulating film 92 on the semiconductor
substrate 2. Next, a resist pattern (not illustrated) portions of
which where contact plugs 5 are to be formed are opened is
formed by photolithography. The interlayer insulating film
92 is dry-etched using the resist pattern as a mask to form
contact holes in the interlayer insulating film 92. Subse-
quently, the resist pattern is removed by ashing. A titanium
nitride (TiN) film, a tungsten (W) film, and the like are
deposited in the contact holes of the interlayer insulating
film 92 by, for example, a CVD method. A superfluous
titanium nitride film, tungsten film and the like on the
interlayer insulating film 92 are removed by CMP to form
the contact plugs 5 within the interlayer insulating film 92.
Next, desired back-end processes are carried out after wiring
lines and the like are formed, and thus the semiconductor
device 1 is manufactured.

All examples and conditional language recited herein are
intended for pedagogical purposes to aid the reader in
understanding the invention and the concepts contributed by
the inventor to furthering the art, and are to be construed as
being without limitation to such specifically recited
examples and conditions, nor does the organization of such
examples in the specification relate to a showing of the
superiority and inferiority of the invention. Although the
embodiments of the present inventions has been described in
detail, it should be understood that the various changes,
substitutions, and alterations could be made hereto without
departing from the spirit and scope of the invention.

What is claimed is:

1. A semiconductor device manufacturing method com-
prising:

performing ion implantation of a first conductivity type to

form a first well of the first conductivity type from a
first depth of a substrate to a second depth greater than
the first depth in the substrate;

performing ion implantation of the first conductivity type

on a first region of the substrate to form a second well
of the first conductivity type at a third depth from a
surface of the substrate in the first region of the
substrate;

performing ion implantation of a second conductivity type

different from the first conductivity type on the first
region of the substrate to form a third well of the second
conductivity type underneath the second well in the
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first region of the substrate in a position overlapping
with the first well located underneath the second well in
the first region of the substrate;

performing ion implantation of the second conductivity

type on the first region of the substrate to form a fourth
well, that surrounds the second well in a plan view and
has the second conductivity type, at a fourth depth from
the surface of the substrate in the first region of the
substrate;

performing ion implantation of the first conductivity type

on a second region of the substrate to form a fifth well
of the first conductivity type above the first well in the
second region of the substrate; and
performing ion implantation of the second conductivity
type on the second region of the substrate to form a
sixth well of the second conductivity type above the
first well in the second region of the substrate,
wherein:
the substrate includes a third region;
in the forming the third well, a seventh well of the second
conductivity type is formed from a fifth depth of the
substrate to a sixth depth greater than the fifth depth in
the third region of the substrate by performing ion
implantation of the second conductivity type;
the seventh well is located in a position overlapping with
the first well in the third region of the substrate; and

in forming the fourth well, an eighth well of the second
conductivity type is formed above the seventh well in
the third region of the substrate by performing ion
implantation of the second conductivity type in the
third region of the substrate.

2. The semiconductor device manufacturing method
according to claim 1, wherein:

an outer edge of the third well is positioned outside the

outer edge of the second well in a plan view; and

a bottom of the fourth well is positioned deeper than the

bottom of the second well.

3. The semiconductor device manufacturing method
according to claim 1, further comprising:

forming a first gate insulating film on the substrate in the

first region, a floating gate on the first gate insulating
film, an intermediate insulating film on the floating
gate, and a control gate on the intermediate insulating
film; and

forming a second gate insulating film on the substrate in

the second region, and a first gate electrode on the
second gate insulating film.

4. The semiconductor device manufacturing method
according to claim 1, further comprising: forming a first gate
insulating film on the substrate in the first region, a floating
gate on the first gate insulating film, an intermediate insu-
lating film on the floating gate, and a control gate on the
intermediate insulating film; forming a second gate insulat-
ing film on the substrate in the second region, and a first gate
electrode on the second gate insulating film; and forming a
third gate insulating film on the substrate in the third region,
and a second gate electrode shorter in gate length than the
first gate electrode on the third gate insulating film.

5. The semiconductor device manufacturing method
according to claim 1, wherein the first conductivity type is
a P type and the second conductivity type is an N type.

6. The semiconductor device manufacturing method
according to claim 1, wherein: in forming the second well,
a ninth well of the first conductivity type is formed at the
third depth from the surface of the substrate in the third
region of the substrate by ion implantation of the first
conductivity type on the third region of the substrate, within
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the substrate; the eighth well surrounds the ninth well in a
plan view; and the seventh well is located underneath the
eighth well and the ninth well.

7. A semiconductor device comprising:

a substrate that includes a first region and a second region;

a first well of a first conductivity type formed from a first
depth to a second depth greater than the first depth of
the substrate in the first region and the second region;

a second well of the first conductivity type formed at a
third depth from a surface of the substrate in the first
region;

a third well, that overlaps with the first well in the first
region, of a second conductivity type different from the
first conductivity type formed in the first region of the
substrate and located underneath the second well;

a fourth well, that surrounds the second well in a plan
view, of the second conductivity type formed at a fourth
depth from the surface of the substrate in the first
region;

a fifth well of the first conductivity type formed in the
second region of the substrate and located above the
first well in the second region; and

a sixth well of the second conductivity type formed in the
second region of the substrate and located above the
first well in the second region,

wherein the first well is formed in the third region of the
substrate, the semiconductor device further compris-
ing:

a seventh well of the second conductivity type formed
from a fifth depth to a sixth depth greater than the fifth
depth of the substrate in the third region;

the seventh well overlaps with the first well in the third
region; and
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an eighth well of the second conductivity type formed
above the seventh well in the third region of the
substrate.
8. The semiconductor device according to claim 7,
wherein:
an outer edge of the third well is positioned outside the
outer edge of the second well in a plan view; and
a bottom of the fourth well is positioned deeper than the
bottom of the second well.
9. The semiconductor device according to claim 7, further
comprising:
a first gate insulating film on the substrate in the first
region;
a floating gate on the first gate insulating film;
an intermediate insulating film on the floating gate;
a control gate on the intermediate insulating film;
a second gate insulating film on the substrate in the second
region; and
a first gate electrode on the second gate insulating film.
10. The semiconductor device according to claim 7,
further comprising; a first gate insulating film on the sub-
strate in the first region; a floating gate on the first gate
insulating film; an intermediate insulating film on the float-
ing gate; a control gate on the intermediate insulating film;
a second gate insulating film on the substrate in the second
region; a first gate electrode on the second gate insulating
film; a third gate insulating film on the substrate in the third
region; and a second gate electrode shorter in gate length
than the first gate electrode on the third gate insulating film.
11. The semiconductor device according to claim 7,
wherein the first conductivity type is a P type and the second
conductivity type is an N type.
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